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Abstract
Purpose The evaluation of glenohumeral joint volume in both
unstable (with/without laxity) and stable shoulders
(subacromial impingement) and volume reduction potential
of arthroscopic techniques: (labral anchor repair vs. capsular
shift).
Methods Material was based on 133 patients: anterior shoul-
der instability without laxity (group I, n = 49), with laxity
(group II, n = 22) and subacromial impingement (control
group, n = 62) operated in 2010–2011. Group I received ar-
throscopic Bankart repair, group; II – arthroscopic anterior
capsular plication, control group – subacromial decompres-
sion. Joint volume was measured by fluid aspiration into the
syringe via arthroscope, before and after procedure. Then vol-
ume reduction potential was calculated.
Results The following average values of initial joint volume
were recorded: group I – 26.8 ml group II – 43.7 ml and the
control group – 25.6 ml with significant differences: impinge-
ment vs. instability + laxity (p < 0.00001), impingement vs.
instability without laxity (p = 0.0001). There was no signifi-
cant difference between groups I and II. Joint volume was
significantly reduced after labral repair (by average of 37 %,
13.8 ml, p < 0.0001). Capsular shift led to an even greater and
more significant volume decrease (61 %, 26.7 ml, p < 0.001).
Joint volume in the control group was reduced only by 11 %,
3.8 ml (p = 0.046).
Conclusions Patients with unstable shoulders have enlarged
joint volume as compared to patients with subacromial im-
pingement. Arthroscopic techniques lead to a significant joint
volume reduction, with the most powerful effect for capsular
shift.
Level of Evidence – Level 2.
Keywords Bankart repair . Capsular shift . Joint volume .
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Introduction
Shoulder instability, both traumatic and atraumatic, has been
attributed to various factors [1–5]. Most of them include the
failure of a passive stabilization mechanism in the part of the
capsulolabral complex that includes labral or ligamentous
tears, capsular stretching and redundancy [1–3].
In many cases of shoulder instability, particularly in the
multidirectional shoulder instability (MDI), the initial treat-
ment is based on a rehabilitation program. In case of failure,
surgical treatment, such as shoulder arthroscopy, is recom-
mended [6]. Arthroscopic techniques have been used to treat
the problems successfully for many years. Repair with appli-
cation of anchors is a standard treatment for patients with a
labral tear without significant bone loss. In case of failed con-
servative treatment for atraumatic instability with capsular
laxity an arthroscopic approach is an option. Open capsular
shift had been a golden standard in the past, later replaced by
arthroscopic techniques [7–11]. Capsular shift is intended to
decrease volume, thus constraining the joint. The potential to
reduce the joint volume has been studied before on a cadaveric
shoulder model [12–21], showing that open techniques allow
for higher volume reduction (40–50 %) than arthroscopic
techniques (30–40 %). However, a cadaveric shoulder may
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not reflect a life scenario of the unstable shoulder in a much
younger population and different joint capacity despite the
fact that various modifications of arthroscopic techniques
have been published to make either capsular shift or plication.
To our best knowledge there has been no report on volume
reduction effect in the clinical in vivo scenario in arthroscopic
stabilization techniques apart from our technical report on
arthroscopic capsular shift [22]. Such evaluation would pro-
vide proper knowledge of how the surgical techniques affect
the joint biomechanics and the anatomy of the glenohumeral
joint [12–21].
We presumed that shoulders with instability would have
enlarged joint volume in comparison to that in non-
instability patients. Our previous report showed that capsular
shift decreased the joint volume [22]. We also hypothesized
that the volume reduction provided by capsular shift would be
larger than in the case of labral repair. The aim of this study
was to evaluate the glenohumeral joint volume in unstable
shoulders (with or without laxity) with comparison to stable
shoulders (subacromial impingement) and to evaluate volume
reduction potential of arthroscopic techniques (labral repair
vs. capsular shift).
Materials and methods
The cohort study is based on shoulder volume measurement
during arthroscopy in prospective consecutive cases. The clin-
ical material included 20 patients in a pilot reliability study
and 133 patients in the main study with instability of the
shoulder joint and subacromial impingement (as control)
who underwent a shoulder arthroscopy procedure in our insti-
tutions during the period of 2010–2011. The study was ap-
proved by the Bioethical Committee of the University of
Medical Sciences in Poznan and all the patients signed in-
formed consent.
The instability patients were classified according to
Gerber’s classification, as unidirectional anterior shoulder in-
stability without laxity-B2 (group I, n = 49) and unidirectional
or multidirectional instability with laxity (B3 and B5) (group
II, n = 22). Inclusion criteria for group I were: B2 instability
type, labral tear, arthroscopic labral repair and consent to take
part in the study. Inclusion criteria for group II were: B3 or B5
instability type, arthroscopic capsular shift and consent to take
part in the study. Patients with previous shoulder procedures
and other shoulder lesions (cuff tear, arthritis) were excluded
from either group. The patients were qualified for the control
group if they were operated on with arthroscopic decompres-
sion for subacromial impingement and agreed to participate in
the study. Exclusion criteria for the group included:
glenohumeral pathology on arthroscopy of previous imaging,
previous surgery and other procedures performed during sur-
gery other than subacromial decompression.
Shoulder laxity was diagnosed if both the Gagey
hyperabduction test and a sulcus sign had been positive and
external rotation with the arm at the side was greater than 85°.
Control shoulders included patients after arthroscopic proce-
dure due to subacromial impingement (subacromial decom-
pression) without rotator cuff tear (control, n = 62). Basic de-
mographic data are depicted in Table 1.
The control group was significantly older than groups I and
II. No age difference was found between both instability
groups.
The patients in group I received typical labral repair with
three anchors placed anteriorly to fix the labrum to the anterior
margin of the glenoid. Anchors were placed at 5.30, 4.30 and
2.30 positions as represented at the clock face view of the right
glenoid. The labral lesions included the Bankart or Perthes
type. Excluded from the study were patients with other lesions
which would involve other labral lesions (SLAP, HAGL,
ALPSA) or significant glenoid defects (>20% on arthroscopic
evaluation acc. to the Burkhart method [23]). The capsular
shift group received arthroscopic anterior capsular shift ac-
cording to the previously described technique [9]. The control
group underwent intra-articular diagnostic arthroscopy
followed by standard subacromial decompression.
The pilot study to verify the reliability of the measuring
technique was performed in a separate group of 20 consecu-
tive patients who had shoulder arthroscopy and Bwater-tight^
shoulders. The average age of the patients in the pilot group
was 38 (±13.7; min. 20, max. 64). Indications for arthroscopy
included: labral tears (n = 15), subacromial impingement
(n = 5).
Volume measurement
All measurements of the volume were performed before and
after the arthroscopic procedure. All patients were operated on
Table 1 Demographic data of the patients in the study groups. n.s. - non significant, p>0.05
Group I Group II Control Statistical analysis
Age (avg./min./max.) 27/16/45 24/17/37 47/24/83 Group I vs group II- n.s., control group vs. group I and II (p < 0.001)
(Kruskal-Wallis Anova)
Sex (male/female) 44/5 13/9 31/31 Significantly more males in group I vs. group II (p<0.01) and vs. control (p<0.001),
no significant difference between group II and control; Chi-square test.
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in the beach-chair position. The first volume recording was
performed after introducing two cannulas into separate portals
(mid-anterior and superolateral) for the instability patients.
Cannulas (7 mm) were sealed with obturators. No anterior
portals were done in the control group. The glenohumeral
joint was filled-up with saline, using an arthroscopic pump
with the fixed pressure of 90 mmHg and the flow at 1.5 l/
min. All the remaining air was carefully removed from the
glenohumeral joint. Then the influx was closed and all saline
from the joint was aspirated into a 50 ml syringe, through the
arthroscope valve, under visual control (Fig. 1). The measure-
ments were repeated to receive a mean value of two attempts.
The final recordings were performed after the procedures, de-
pending on the study group (respectively, labral repair, capsu-
lar shift, subacromial decompression). For the instability
group cannulas were sealed again with obturators. The re-
maining air was cleared out from the joint. The joint was
refilled with the same pressure conditions and then one valve
was blocked. All the fluid was aspirated again into a 50 ml
syringe. Two attempts were performed to receive a mean vol-
ume value. The same measurements were taken for the im-
pingement group, except that no cannulas were used and no
anterior portals performed.
Volume reduction potential was calculated by dividing the
difference of the initial (before procedure) and final (after
procedure) volume by the initial volume of the joint. The
value was multiplied by 100 to represent B%^.
For the subacromial impingement group the measurements
were performed before and after subacromial decompression.
The pilot study included reliability assessment of the
joint volume measurements. At first, the test-retest mea-
surements were performed in each patient, as described
earlier with the same set-up. The joint was filled with
saline under the same parameters and then the whole vol-
ume was aspirated into a 50 ml syringe. The procedure
was performed twice (test and re-test) and the values were
recorded. Then the known and recorded volume aspirated
into the syringe during the second measurement (re-test)
was injected to the joint (injected volume). The injected
saline was re-aspirated into syringe and the value recorded
(aspirated volume). This part was performed in order to
verify the risk of leakage.
Statistical analysis was performed by using StatPlus mac
2009 (AnalystSoft) and AgreeStat2015.5 for Mac (Advanced
Analytics). Normality tests were performed for the analysis of
data distribution by using the Kolmogorov-Smirnov test. The
non-parametric Wilcoxon, Kruskal–Wallis one-way analysis
of variance by ranks with Dunn’s post hoc test and chi-square
tests was further used when the test proved against normality.
The t-student test and analysis of variance (ANOVA) with
Fisher’s least significant difference post hoc test were per-
formed for normal distribution data. The p value < 0.05 was
set as the level of statistical significance. For the pilot study
intraclass correlation coefficient was calculated in both parts
of the validation.
Level of Evidence – Level 2.
Results
The pilot study showed that measuring the volume of the
glenohumeral joint is a reliable method. The risk of leakage
and a possible systematic error of underestimation of the real
joint volume was shown to be negligible (Table 2). There was
an almost perfect positive linear relationship between the
measurements.
The results of the volume measurements and volume re-
duction are presented in Figs. 2, 3 and 4 and Table 3. Female
shoulders were significantly less voluminous than male in all
groups. Initial joint volume was largest for both of the insta-
bility groups and significantly greater than in the impingement
patients. No significant difference could be seen between the
groups with and without laxity when both sexes were com-
bined. However, when calculations were performed separately
for the sexes, group II (laxity) would have the largest volumes,
followed by group I (Bankart) and, finally, the impingement
group had the lowest values in males and females.
There was a significant volume reduction when labral re-
pair had been performed (by average of 37 %) (Fig. 3).
Capsular shift led to an even greater and more significant
volume decrease (61 %). Joint volume was reduced by only
11% (p = 0.046) in the control group (measured twice before
and after subacromial decompression). The results were com-
pared and analysed statistically (Table 3).
Fig. 1 Measurement of shoulder
volume during arthroscopic
procedure. The syringe is attached
to the arthroscope outflow tap (a).
All the fluid is aspirated into the
syringe while the inflow and
cannula are obliterated
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Discussion
The hypotheses of our study included enlarged glenohumeral
joint volume in instability patients as compared to the im-
pingement group and joint volume reduction following both
arthroscopic stabilization and capsular shift. The purpose of
the presented study was to evaluate the effect of volume re-
duction of two stabilization arthroscopic techniques (labral
repair and capsular shift). For comparison, the Bnormal^
glenohumeral joint of subacromial impingement syndrome
was used. For the latter, patient’s joint volume was re-
evaluated following the decompression to estimate the influ-
ence of possible shoulder swelling of the final result. This was
mostly intended to deduct the possible influence of the swell-
ing of the surrounding tissue and the external restriction of
volume not related to tissue repair. The results of the study
showed enlarged glenohumeral joint volume in unstable
shoulders. Unstable shoulders with laxity were significantly
larger in comparison to those without laxity in our cohort only
when the females and males were calculated separately. Any
procedure in the study led to reduced volume, with greatest
potential of capsular shift (61 %), followed by labral repair
(37.2 %) and subacromial decompression (11 %).
The exact role of joint volume in shoulder stability and
function is not well understood. Limited joint volume, as de-
scribed by Matsen, contributes to shoulder stability [1] and
maintaining the negative pressure inside the joint [4, 24–26].
This mechanism was based on the glenohumeral contact area,
a relatively limited volume of the sealed joint and material
properties of the capsule [2, 27]. The stability effect induced
by intra-articular pressure does not seem to work efficiently in
the case of the unstable shoulder [24], most probably due to
the lack of capsular confinement [25]. We could assume that
both the repair of the capsulolabral complex and capsular shift
have multiple effects on the biomechanics of the joint, which
includes a reduction of joint volume and the tensioning of the
capsule.
Normal joint volume has been estimated by Neviaser [28]
as 28–35 ml, which falls slightly above our control group and
below both the instability groups of our study. It was assumed
by Itoi [2] that the unstable shoulder has enlarged volume. Yet,
this has not been definitely proven so far. The observation was
first suggested by Reeves et al. in arthrographic studies [29],
but it was later contradicted by Sperber and Wredmark [30].
The latter did not find the difference of volume while compar-
ing unstable and stable shoulders in the same individuals (av-
erage of 27 ml in both groups), stating that the recurrent dis-
location did not lead to increased joint volume. Dietz et al.
published similar results, making comparisons of joint vol-
umes of first-time dislocators, recurrent dislocators and nor-
mal glenohumeral joints (impingement syndrome), relating
the joint volumes to the body surface area [19]. However,
the authors mentioned that the instability group had the aver-
age volume of 50.7 ml in comparison to 38.3 ml in impinge-
ment patients. That was also the case in our study. We have
shown that joint volumes in both instability groups (no-laxity
37 ml and laxity 44 ml) were significantly larger than in the
impingement group (26 ml), thus confirming Itoi’s assump-
tion [2]. The impingement group was evidently older than the
other two groups. We suppose that joint volume decreases
Fig. 2 Results of glenohumeral
initial volume measurements in
females and males in all study
groups (ml)
Table 2 Result of pilot reliability study
Test (ml) Retest (ml) Difference (ml) Injected volume (ml) Aspirated volume (ml) Difference (ml)
Average volume 33.1 33.1 0.1 32.9 32.7 0.2
SD 8.8 8.9 0.7 8.9 8.8 0.7
T- student p=0.65 p=0.19
ICC 0.9962; meaned 0.9981, F 501.9661, p<0.0001 0,9965; meaned 0.9982, F 605.841, p<0.0001
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with age, and is also accompanied by increased joint stiffness.
No such data could be found for the shoulder. However, de-
creased tissue elasticity and increased stiffness have been re-
ported in connection with age in relation to ligaments and
tendons [31–33]. Older age could thus be one of the explana-
tions of decreased risk of recurrent dislocation [34].
Several techniques of capsular shift (open and arthroscop-
ic) have been presented in literature for the treatment of shoul-
ders with laxity and multidirectional instability [1, 7–11, 15,
22]. Their volume reduction potential has been evaluated in
cadavers. Open procedures can reduce the volume by 46–
66 % [12, 14–17]. Arthroscopic techniques have been found
to have less potential for decreasing the volume—by 16–19%
[13, 15, 21]. However, in the clinical scenario, arthroscopic
shift is clearly more powerful, as we managed to show in this
study—with 61 % volume reduction. Volume reduction can
also be anticipated when labral repair is performed. Tissue
management always involves some degree of capsular plica-
tion. No volume reduction effect has been reported on the
labral repair alone in literature. Some reduction has also been
observed in the control group. We assumed that it might be
related to tissue swelling during the time of the arthroscopy.
In the case of Bankart lesions, by repairing the labrum,
normal anatomy and biomechanics are restored (bumper, suc-
tion cup, ligament tensioning) [1, 3, 24, 35]. Decreasing the
joint volume that accompanies labral repair might be a
supporting mechanism by enhanced joint vacuum. Retention
of tissues may also affect proprioception, this way improving
the dynamic control of the joint. Joint proprioception has been
found abnormal in shoulder instability, and restored following
labral repair [36].
Another issue to be remembered is that over-tensioning
during the instability procedure may lead to joint stiffness.
This is important not only during the capsular shift. As has
been shown in our study, a significant reduction of joint vol-
ume can be expected in Bankart labral too. One should bear it
in mind when dealing with patients without laxity, or when
laxity is not the leading factor in avoiding postoperative shoul-
der stiffness [37]. Cadaveric studies have shown that capsular
shrinkage and reducing the joint volume also decrease the
glenohumeral translation and rotational movements [18].
Limitations of the study
There are some limitations of the study. One might be related to
the technique of performing measurements following the repair,
as a certain volume of saline could be lost due to the leakage via
working portals and areas of labral repair. Therefore a pilot
validation study was performed. Repeatability was very high
and we have shown that in the measuring setup there is no risk
of losing fluid. To our best knowledge this is the first attempt to
validate volume measurement in vivo. Cadaver studies have
Fig. 4 Results of volume
reduction in all study groups (%)
Fig. 3 Results of glenohumeral
initial and final volume
measurements in all study groups
(ml) (females and males
combined)
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used thicker solutions (soap). However, the results of cadaver
studies have serious flaws such as human tissues stiffness, or
failure to genuinely represent the clinical situation (age, degen-
erative changes, stiffness). The in vivo study comparing differ-
ent methods (direct-needle-syringe, MR and US) was carried
out by Lubovitz et al. [12]. They have shown similar results
with direct and MR measurement and hypothesised that despite
possible extravasation of the fluid, direct measurement is
possible.
Another limitation is the influence of tissue swelling on the
volume, which certainly cannot be avoided. Therefore, we
also measured the volume in the impingement group again,
after the procedure had been accomplished. That resulted in an
11 % decrease in volume and may represent the effect of the
swelling. A further limitation is the heterogeneity of the study
groups. The impingement group was significantly older than
both instability groups. There were also more males than fe-
males in group I (instability without laxity). Unfortunately,
those values could not be controlled. This was a prospective
study of consecutive cases. The control group could not be
obtained in any other way, since evaluating the healthy con-
tralateral shoulder was not ethically accepted.
Conclusions
Unstable shoulder seems to have enlarged joint volume as
compared to subacromial impingement. Arthroscopic
techniques for shoulder instability (both labral repair, and cap-
sular shift) lead to a significant joint volume reduction in vivo,
with the most powerful effect for capsular shift.
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